Attempting to repair a large ventral hernia primarily may have potential consequences including alteration of abdominal physiology by increasing abdominal pressure especially if such a repair is performed under tension. Traditional methods of hernia repair have unacceptably high recurrence rates sometimes in excess of 50% when primary suture repair with simple fascial approximation is performed. [6] [7] [8] [9] [10] [11] The field of complex ventral hernia repair has seen significant advancements since the introduction of the component separation technique which was initially described by Ramirez in 1990 . 12 Component separation, which allows for repair of abdominal wall defects as wide as 8-10 cm, is based on the concept of recreating a functional dynamic abdominal wall through medialization of the rectus abdominis muscles and recreation of the linea alba. 5 This form of muscle advancement allows otherwise inoperable cases to be repaired successfully without tension and is associated with a significant decrease in recurrence rates. [12] [13] [14] This approach is typically reserved for patients who cannot be treated with conventional hernia repair methods because of the complexity of the abdominal wall defect.
Component separation is not without significant risk. Its extended subcutaneous dissection for exposing anterior abdominal musculature may lead to compromised blood supply of the abdominal wall, raised risk of bleeding and infection, and because of longer operative times may predispose patients to increased risk of venous thromboembolism (VTE). Surgeons must, therefore, be able to balance the risk of a long and aggressive surgical procedure with the patient's desire for clinical improvement. A variety of conditions associated with ventral hernia also contribute to the development of VTE, including obesity, prior operation, pulmonary disease, corticosteroid dependency, immobilization, and advanced age. 15 Closing large fascial defects may result in increased intra-abdominal pressure leading to the development of abdominal compartment syndrome (ACS) and a predisposition for femoral venous stasis with subsequent VTE. 16, 17 In this study, the authors assess 30-day postoperative morbidity and mortality of patients undergoing incisional/ventral hernia repair and determine the association between component separation and VTE as well as predictors for specific postoperative complications.
METHODS

Patient Identification
We performed a retrospective analysis of patients who underwent incisional/ventral hernia repair using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) databases for the years 2005-2011. The ACS-NSQIP is a well-validated, observational cohort study of patients undergoing non-cardiac procedures under general, spinal, or epidural anesthesia in more than 400 medical centers nationwide. ACS-NSQIP tracks patients for 30 days after their operation, providing a more comprehensive picture of their care. 18 Patients were identified using Current Procedural Terminology (CPT) codes for incisional/ventral hernia repair (CPT codes: 49560, 49561, 49565, and 49566). Patients who underwent a concurrent intra-abdominal procedure or one involving another part of the body were excluded to eliminate their confounding effect on outcome. However, panniculectomy (often performed as a concurrent procedure because of the optimized elevation of abdominal pannus), skin closure procedure (frequently coded as a separate procedure but done when repairing large abdominal wound defects), and mesh implantation (may be included in the ventral hernia repair and therefore was incorporated in our analysis) were not used as exclusion criteria. We divided our patient population into 2 groups. The first group consisted of patients who underwent incisional/ventral hernia repair without the use of component separation; the second group consisted of patients with ventral hernias who were managed with component separation. The CPT code 15734 (muscle, myocutaneous, or fasciocutaneous flap) was used to identify component separation procedure in which the aponeurosis of the external oblique muscle is longitudinally incised, and the rectus muscle is mobilized toward the midline to facilitate abdominal fascia closure 19 ( Fig. 1 ).
Preoperative Variables
Data related to patient demographics, preoperative physical status, medical comorbidity, preoperative laboratory results, VTE risk score, concurrent mesh implantation, and panniculectomy were collected. The VTE risk score (based on the Caprini risk assessment model) was defined as the number 20 : older than 40 years, smoking, chronic steroid use, history of prior operation, body mass index greater than 25, concurrent pneumonia/chronic obstructive pulmonary disease, totally dependent functional status, pregnancy, malignancy, sepsis, congestive heart failure, acute myocardial infarction, and history of peripheral vascular disease.
Outcome Variables
Outcome variables were characterized as deep venous thrombosis (DVT)/thrombophlebitis, pulmonary embolism (PE), wound complication, minor/ major morbidity, and mortality. Other outcomes of interest included return to the operating room (OR) within 30 days of admission and total operative time. The NSQIP employs Centers for Disease Control definitions for wound infections. 21 As such, wound complications were defined by presence of at least one of the following wound related variables in the NSQIP registry: superficial surgical site infection (SSI; above fascia), deep incisional SSI (at or below fascia), organ/space SSI, and wound dehiscence (complete or partial). These individual wound complication variables were assessed separately. Major morbidity was defined by the presence of at least one of the following ACS-NSQIP postoperative complications: being on a ventilator for more than 48 hours, pneumonia, unplanned intubation, progressive renal insufficiency, cerebrovascular accident with neurological deficit, cardiac arrest requiring cardiopulmonary resuscitation, myocardial infarction, transfusion within 72 hours, sepsis, and septic shock. Minor morbidity was defined as a urinary tract infection. Mortality was defined by death within 30 days of admission.
Statistical Analysis
Statistical analyses were performed using IBM SPSS (IBM Corp., Armonk, N.Y.) to determine baseline differences in demographics, comorbidities, preoperative laboratory results, concurrent panniculectomy/mesh implantation, and postoperative complications between the 2 study groups. The χ 2 test and Fisher's exact test were used to analyze categorical variables, and t test was used to analyze continuous variables. Statistical significance was defined as P value less than 0.05. In terms of specific complications, the odds ratio of component separation technique was also assessed. A multivariate logistical regression was performed to determine whether various demographics, comorbidities, and concurrent procedures served as predictors for respective complications in both groups. The data reported are based on 30-day outcomes from incisional/ventral hernia repair with or without component separation.
RESULTS
Comparison of Preoperative Variables
We identified 34,541 patients who underwent incisional/ventral hernia repair between 2005 and 2011. Five hundred and one patients underwent component separation as part of this repair, whereas 34,040 patients did not. One reason for the small number of cases in the component separation group (N = 501) may be attributed to a rigorous patient selection criteria. To eliminate all potential confounding effects of other procedures, patients who underwent concurrent surgeries were excluded from our analyses. Despite the small number, this group represents patients who underwent a component separation procedure only and represents the ideal cohort for analysis. There were more male patients in the component separation group than the non-component separation group (46.39% vs. 41.7%, P = 0.003). The mean ages in the component separation group and non-component separation group were 56.15 ± 13.037 and 55.76 ± 14.494 years, respectively (P = 0.510). There was no statistically significant difference in race between the 2 groups (P = 0.121). Analysis of preoperative comorbidity variables showed a significant difference in open/ infected wound (P = 0.016), American Society of Anesthesiologists (ASA) classification (P = 0.001), diabetes mellitus (P = 0.009), VTE risk factors (P = 0.008), and malignancy (P = 0.002) between the 2 cohorts. Mesh implantation and panniculectomy were performed more frequently in component separation group (46.0% vs. 74.7%, P = 0.001 and 1.0% vs. 5.6%, P = 0.001, respectively). Preoperative laboratory results were identical. These data are summarized in Table 1 .
Comparison of Complications
There was no statistical difference in DVT/ thrombophlebitis and PE rate between the 2 groups (P = 0.998 and P = 0.591, respectively). With respect to individual wound complications, the rate of superficial SSI (2.0% vs. 6.4%, P < 0.001), deep incisional SSI (0.8% vs. 2.7%, P <0.001), organ/space SSI (0.3% vs. 1.2%, P < 0.001), and wound disruption (0.4% vs. 1.0%, P < 0.001) was significantly higher in the component separation group. The minor/major morbidity, mortality, and return to OR rates were also significantly greater in the component separation group compared with the non-reconstruction group (P < 0.001, P < 0.001, P = 0.020, and P < 0.001, respectively). In addition, operative time was longer in the component separation group (86.38 ± 55.290 vs. 166.22 ± 88.748 minutes, P < 0.001). Complication rates are displayed in Table 2 .
The odds ratios of component separation procedure in terms of specific postoperative complications are shown in Table 3 . Superficial SSI, deep incisional SSI, organ/space SSI, wound disruption, minor/major morbidity, mortality, and return to the OR are more likely to occur in component separation group (odds ratio = 2.663, 2.800, 2.948, 2.228, 1.058, 4.217, 3.375, and 2.154, respectively). However, component separation procedure was not associated with an increased probability of DVT/thrombophlebitis and PE.
A multivariate logistic regression analysis was used to assess the impact of various patient demographics and comorbidities in the 2 groups (Tables 4 and  5 ). Several comorbidities served as statistically significant associated factors of complications. In the non-component separation group, functional status and VTE risk score were linked to the occurrence of DVT/thrombosis (odds ratio = 2.447 and 1.451, respectively), and history of prior operation was associated with an increased risk of PE (odds ratio = 1.146). In the component separation group, the number of DVT/thrombosis and PE cases were too small to devise an ideal logistic regression model. Open/ infected wound served as a common predictor for superficial SSI, deep incisional SSI, organ/space SSI, and wound disruption in the non-component separation group (odds ratio = 2.598, 4.406, 5.232, and 5.293, respectively) but only for deep incisional SSI in the component separation group (odds ratio = 2.406). In both groups, advanced age was the only predictor for minor morbidity (odds ratio = 1.024 and 1.024, respectively). Smoking, higher ASA score, and history of congestive heart failure/myocardial infarction/ angina were common predictors for major morbidity in both groups. In the non-component separation group, functional status, body mass index, ASA score, and VTE score were predictors for mortality (odds ratio = 4.718, 2,729, 1.337, and 2.006, respectively), whereas only functional status and ASA score were predictors in the component separation group (odds ratio = 4.076 and 1.622, respectively). Return to OR was associated with open/infected wound and bleeding disorder in the non-component separation group (odds ratio = 3.441 and 2.091, respectively) and with diabetes mellitus in the component separation group (odds ratio = 2.735).
DISCUSSION
Immediate postoperative ACS is a serious complication that can occur following hernia repair. It is defined by an increase of the intra-abdominal pressure over 25 mm Hg (or even over 30 mm Hg), accompanied by impairment of different organs and systemic functions. 16, [22] [23] [24] The pathophysiology of ACS is considered when intra-abdominal hypertension leads to compression of the inferior vena cava with a subsequent decrease in venous return (preload) and implicitly cardiac output. The ultimate effects of ACS result in diminished systemic perfusion. 16 Furthermore, intra-abdominal hypertension is believed to result in venous stasis, a factor in Virchow's triad and thus serves as a risk factor for VTE development. This is corroborated by several authors who reported femoral venous stasis (and thus VTE) during the study of laparoscopic intra-abdominal surgery. [25] [26] [27] In addition, a majority of well-known risk factors for VTE can be seen in patients with ventral hernias.
15 VTE, which includes DVT and PE, is a major cause of morbidity and mortality among hospitalized patients. 28 In this study, the rate of VTE was not significantly different between the non-component separation group and the component separation group suggesting that restoration of abdominal wall anatomy and physiology does not vary in terms of vascular compromise regardless of the type of repair. Thus, component separation can be performed safely despite the challenging preoperative conditions and the stress of long and aggressive procedure.
Abdominal wall compliance together with abdominal content determine intra-abdominal pressure. 16 Conventional hernia repair techniques entail reducing the contents of the hernia sac into a tight abdominal space, which can increase abdominal pressure; its etiology seems to be related to the loss of abdominal wall compliance. 17 On the other hand, release of the external oblique muscles by component separation allows the intra-abdominal volume to be acutely increased. 17 Agnew et al 17 assessed the effect of component separation on abdominal volume using an abdominal computed tomography scan and reported a 6% increase in intra-abdominal volume after repair from an average of 7640-8166 mL (P = 0.01) implying that component separation actually helps to prevent the issues associated with increased intra-abdominal pressure.
Our logistic regression analysis emphasized the need for proper control and management of preoperative risk factors before surgical intervention. To reduce morbidity and mortality, it is recommended patients undergo glycemic control of diabetes mellitus, strict regulation of hypertension, smoking cessation, loss of weight, and preoperative wound care. Interestingly, concurrent panniculectomy was a statistically significant risk factor for superficial SSI and deep incisional SSI in the non-component separation group, which was not the case in the component separation group. This finding is consistent with a study by Reid and Dumanian 4 who showed that panniculectomy and component separation can be a safe and effective approach to hernia repair in morbidly obese patients. Mesh implantation on the other hand was associated with deep incisional SSI in the component separation group. This finding is not uncommon as previous studies have shown the propensity for synthetic mesh to develop complications in hernia repair patients, particularly in a contaminated field. [29] [30] [31] [32] It is, therefore, important that the surgeon should be attentive to preoperative infection control when performing component separation with mesh implantation.
There are limitations that stem from the inherent characteristics of the database used in this study. In terms of preoperative conditions, the database does not offer information on the size of the defect nor does it quantify the number of prior hernia repair attempts. In addition, because this database is organized by CPT code, various modifications of the component separation technique could not be assessed. Functional assessment of the abdominal wall and pain also could not be analyzed. Another factor is that the NSQIP data set only reflects outcomes within 30 days after an operation; it is, therefore, difficult to assess long-term results or quality of life. Despite these, previously published studies have been limited by study design and a small patient population; furthermore, they have not specifically investigated the association between component separation and DVT. [33] [34] [35] [36] The lack of specificity of with regard to certain CPT codes in the ACS-NSQIP database may represent a flaw leading to inaccurate conclusions. However, by implementing rigorous inclusion criteria our final analyses were optimized. The use of a nationwide, well-validated, and large data set may serve as an addition to the current literature.
CONCLUSIONS
The goal of abdominal wall reconstruction is to restore functional integrity and thereby provide support, protect the abdominal viscera, and minimize complications and recurrences. The component separation technique aids in the management of complex hernias. It improves abdominal wall physiology and thus may not contribute to the development of VTE. Given the multitude of factors and complexities inherent in ventral hernia patients, surgeons should make efforts to identify and correct preoperative risk factors that have been shown to predispose to complications.
